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TITLE: TRANSLATIONAL LOOP RF TRANSMITTER ARCHITECTURE FOR 
GSM RADIO 

Specification 
BACKGROUND 

1. Technical Field 

The present invention relates to wireless conununications and, more particularly, 

wideband wireless communication systems. 



2. Related Art 

Communication systems are known to support wireless and wire lined 
communications between wireless and/or wire lined commumcation devices. Such 
communication systems range from national and/or international cellular telephone systems 
to the hitemet to point-to-point in-home wireless networks. Each type of communication 
system is constructed, and hence operates, in accordance with one or more communication 
standards. For instance, wireless communication systems may operate in accordance with 
one or more standards, including, but not limited to, IEEE 802.11, Bluetooth, advanced 
mobile phone services (AMPS), digital AMPS, global system for mobile communications 
(GSM), code division multiple access (CDMA), local multi-point distribution systems 
(LMDS), multi-charniel-multi-point distribution systems (MMDS), and/or variations thereof 

Depending on the type of wireless communication system, a wireless communication 
device, such as a cellular telephone, two-way radio, personal digital assistant (PDA), 
personal computer (PC), laptop computer, home entertaimnent equipment, etc., 
communicates directly or indirectly with other wireless commmiication devices. For direct 
communications (also known as point-to-point communications), the participating wireless 
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communication devices tune their receivers and transmitters to the same chamiel or chamiels 
(e.g., one of a plurality of radio frequency (RF) carriers of the wireless communication 
system) and communicate over that chamiel(s). For indirect wireless communications, each 
wireless communication device communicates directly with an associated base station (e.g., 
5 for cellular services) and/or an associated access point (e.g., for an in-home or in-building 
wireless network) via an assigned chamiel. To complete a communication comiection 
between the wireless communication devices, the associated base stations and/or associated 
access points communicate with each other directly, via a system controller, via a public 
switch telephone network (PSTN), via the Intemet. and/or via some other wide area network. 
,0 Each wireless communication device includes a built-in radio transceiver (i.e., 

receiver and transmitter) or is coupled to an associated radio transceiver (e.g., a station for in- 
home and/or in-building wireless communication networks, RF modem, etc.). As is known, 
the transmitter includes a data modulation stage, one or more intermediate frequency stages, 
and a power amplifier. The data modulation stage converts raw data into baseband signals in 
15 accordance with the particular wireless communication standard. The one or more 
intermediate frequency stages mix the baseband signals with one or more local oscillations to 
produce RF signals. The power amplifier amplifies the RF signals prior to transmission via 
an antenna. 

As is also known, the receiver is coupled to the antemia and includes a low noise 
20 amplifier, one or more intermediate frequency stages, a filtering stage, and a data recovery 
stage (de-modulator). Hie low noise amplifier receives an inbound RF signal via the antemia 
and amplifies it. The one or more intermediate frequency stages mix the amplified RF signal 
with one or more local oscillations to convert the amplified RF signal into a baseband signal 
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or an intermediate frequency (IF) signal. As used herein, the term "low IF" refers to both 
baseband and intermediate frequency signals. A filtering stage filters the low IF signals to 
attenuate unwanted out of band signals to produce a filtered signal. The data recovery stage 
recovers raw data from the filtered signal in accordance with the particular wireless 
5 communication standard. Alternate designs being pursued at this time fiirther include direct 
conversion radios that produce a direct frequency conversion often in a plurality of mixing 
steps or stages. 

Phase locked loops (PLLs) are becoming increasingly popular in integrated wireless 
transceivers as components for frequency generation and modulation. PLLs are typically 

10 used for one of a variety of fimctions, including frequency translation to up-convert a 
baseband (BB) frequency to an intermediate frequency (IF) or to one of a BE frequency or 
IF to RF prior to ampUfication by a power amplifier and fransmission (propagation). PLLs 
allow for a high degree of integration and, when implemented with the appropriate amount 
of programmability, can form a main building block for modulators that operate over a wide 

15 range of frequencies. Typically, a baseband processor produces a baseband digital data that 
is converted to a continuous waveform signal by a digital-to-analog converter (DAC). The 
continuous waveform signal is a BB frequency signal that requires up-converting to IF and 
thenRF. 

A class of PLL based transmitters, known as translational loops, have become 
20 particularly popular. Briefly, in a translational loop, the desired modulated spectrum is 
generated as some low IF or baseband signal and then is franslated to the desired RF using a 
PLL. In applications with non-constant envelope modulation, a parallel path for amplitude 
variation modulates the output power amplifier to generate the desired amplitude variation. 
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Figure 1 illustrates a translational loop transmitter in accordance with some current 
designs for use in a global system for mobile communications (GSM) network. The example 
shows a so-called "quad" band transmitter, where four transmission bands are supported. 
Specifically, these bands are located in the 1900MHz, 1800MHz, 900Mhz, and 800MHz 
5 range. Generally, the transmitter of Figure 1 includes a baseband processor that produces a 
low frequency digital signal that is converted by a DAC and is low-pass filtered to create a 
low frequency continuous waveform signal. A translational loop is then used to up-convert 
the low frequency continuous waveform signal to the desired transmission frequency for 
transmission from a power amplifier. Because this transmitter is utilized in a GSM network 
10 in which the information is conveyed in a phase-modulated carrier, the digital processor of 
the transmitter of Figure 1 phase modulates the digital data. 

More specifically, the transmitter of Figure 1 includes a digital baseband processor, 
in-phase and quadrature digital-to-analog converters (DACs), corresponding low-pass re- 
consfruction filters, and analog baseband mixers. A summing node combines the mixer 
15 outputs, which are followed by low-pass filtering. Hie remaining components of the 
transmitter are a phase and frequency detector (PFD), a 26 MHz crystal reference, a charge 
pump, a loop low-pass filter (Loop Filter), a voltage controlled oscillator (VCO), a divide- 
by-2 module, a pair of offset mixers, as well as corresponding low-pass filters (LPFs). Radio 
frequency chamiel selection is achieved by employing a fractional-n (FRAC-N) frequency 
20 synthesizer. 

A qualitative description of the operation of the translational loop is as follows. The 
sum of the mixing products of the baseband I & Q components with down-converted RF 
output 1 & Q components are low-pass filtered to generate a 26 MHz sinusoid whose excess 
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pha« component equals fte d,ffer«>ce between .he desired baseband phase signal and .he 
RF OU.PU, phase signal. Ue 26 MHz IF is exacted by *e PFD whose o„.pu. is tt.e phase 
e^r si^. AS in any otter properly designed PLL. *e closed loop action of tt.e loop 
oansestoerror signalto approach zero; hence. «,ephase„fU,eRFou.pu.«aoks .he phaseof 

5 the baseband signal, as desired. 

Figure 2A is a diagram to. illustta.es a power sp«=mm. density (PSD) measurrf in 
decibels relative u> ti>e carrier (dBc) ve.^ frequency measured in Mega-Hertz for ti.e 
digitid baseband processor of ti.eradio.ransminerofFi9.re 1. As indica.ed, tt>e sample rate 
of ti>e digital processor for toe OSM radio tiransmitter of Figure 1 is 13 MHz. Figure 2B 
,0 illusttates a>e modula,ion ermr of a OSM tianslationd loop tiansmitter as a function of 
baseband DC offset in % relative .0 Ml scale signd. Figure 2C illustrates tire modulation 
e^r of fl.e example GSM translational loop transmitter as a fimcUon of baseband gain 
mismatch in % relative to full s^le si^al. Finally. Figure 2D illustia.es tire modulation 
e,„r of ti.e example GSM tianslational loop tian^itter as a function of RF phase imbalance 
15 in degrees. 

The modulation performance of tire translational loop architecture of Figure 1 often 
de^es si^ficantly in tite presence of baseb»d DC offset as well as 1/Q imbalances on «,e 
baseband side and tite RF feedback path as may be seen in Figures 2A-2D. Tbe negative 
tapact of DC offset is particularly troublesome in low-voltage CMOS processes where it 
,0 may constitute a significant fraction otthe full-scale signal amplitude, h, applications where 
relatively hi^ moddation performance is r«j.i«d, such as in GSM cellular telephony, tite 
modulation error inttoduced by DC of6e. and I/Q imbalances may exceed tite permissible 
level even witi, application of carefU andog design and calibration techniques intended te 
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minimize these effects. For GSM cellular telephony, the root-mean-square (RMS) 
transmitter modulation error performance must be better than 5° and the peak modulation 
error must be better than 20°. It follows from Figures 2A-2D that for the transmitter of 
Figure 1, baseband DC offsets should be limited to less-than 1% of the full scale signal, and 

5 the gain mismatch should be limited to less-than 3% for the transmitter to satisfy the 
modulation accuracy requirements. In particular, limiting DC offset to less than 1% of the 
full-scale signal is impractical or impossible in a low-voltage CMOS process, thus making it 
difificdt to obtain these performance requirements. 

Thus, a need exists for a modified translational loop RF transmitter architecture in 

10 which DC offset and I/Q imbalances do not pose limitations on transmitter modulation 
performance. 



I 
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SUMMARY or THE INVENTION 

Digital signal processing is utilized to elimii«te the problems caused by DC offset 
^ VQ imbalances in the prior art wherein a modulated spectrum at the IF frequency is 
generated in the digital domain and converted to analog using a high sample rate digital-to- 
5 analog converter (DAC) thereby eliminating baseband I/Q imbalance issues. Since the 
signal is modulated to the IF frequency in the digital domain, any DC offset of the DAC has 
no impact on the signal band, thereby effectively eliminating the DC offset issues of prior 
art. to addition, the RF section only employs a single feedback pafl, as opposed to the in- 
phase and quadramre paths of .he prior art and of other current designs, thereby eliminating 

10 RF I/Q imbalance problms. 

Mo,e specifically, a digital processor produces digital data with a high sample rate tftat 
is a whole multiple of a specified IF signal to a DAC. The DAC, a zero* order hold DAC, then 
converts the digital data into a continuous wavefom. IF signal cha^cterized by a specified 
Sequency. Tte DAC output is fl.en pnKluced to a feed-forward filter fcat eliminates specttal 
,5 copies of tire si^al. ta one embodiment of the invention, the sample rate is .04 MHz (four 
amesthe ff signal frequency of 26 MHz). Ms choice allows for simplified distal processing 
in the baseband processor, to another embodiment, however, the sample rate is 338 MHz 
(thirteen times the IF signal frequency of 26 MHz). 

The 26 MHZ IF filtered signal prodnc«l by the feed-forward filter is then produced to 
a„ a phase frequency detector (PFD) as a reference sign^. PFD d-en produces control 
si^s ba^ upon a difference in the reference signal and a feedback signal to a charge 
pump that, in turn, produces an error current sign^ to a loop filter. TTte loop filter then 
produces an error voltage si^ to a voltage controlled oscillator that ptoduces a 
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corresponding output oscillation (RF transmit signal). In order to support quad band 
operation in a hardware efficient manner, the output oscillation is then divided by two to 
generate signals in the 800MHz and 900MHz bands and then down converted to produce a 
26 MHz signal as the feedback signal to the PFD. Because all the transmitter phase 
5 information is present in the single phase signal, it is not necessary to have I & Q branches in 
the translational loop. Hius, the IF signal produced from the high sample rate digital data 
from the digital processor already includes the phase modulation to carry information in a 
GSM network without requiring individual I & Q modulation, thereby avoiding I & Q 
imbalance problems. Further, because the baseband processor produces digital data 
10 representing an IF frequency continuous waveform signal, any potential DC offset signals 
may be easily removed (filtered) to avoid their undesired appearance in subsequent signal 
processing. 

other aspects of the present invention will become apparent with fijrfher reference to the 
drawings and specification, which follow. 

15 
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BRIEF DESCRIPTION OF THE DRAWINGS 

A better vmdersunding of Ae present invention can be obtained when the following 
detailed description of the preferred embodiment is considaed with flte following drawings. 

in which: 

Figure 1 iUustrates a translational loop transmitter in accordance with some current 
desi^ that support "quad" band operation for use in a global system for mobile 

communications (GSM) network; 

Figure 2A is a diagram that illustrates a power spectrum density (PSD) measured in 
decibels relative to Ute carrier (dBc) versus frequency measur«l in Mega-Hert. for the 
10 digitalbasebandprocessoroftheradiotransmitterof Bgure 1; 

Fisire 2B is a diagram that illustrates modulation error of a GSM translational loop 
«„>smitter as a function of baseband DC ofto in % relative to M\ scale sigul; 

Figure 2C is a diagram that illustrates modulation error of the example GSM 
translational loop ^ansmitter as a function otbaseband gain mismatch in % relative to Ml 
15 scale signal; 

Figure 2D is a diagram that illustrates modulation error of the example GSM 
translational loop transmitter as a function of RF phase imbalance in degrees; 

Figure 3 is a flmctional block diagram iUustrating a communication system that 
includes a plurality of base stations or access points (APs). a plurality of wireless 
20 communication devices and a network hardware component; 

Figure 4 is a schematic block diagram illustrating a wireless communication device as 
a host device and an associated radio; 
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Figure 5 is a functional block diagram of a radio transmitter formed according to one 

embodiment of the present invention; 

Figure 6 is a diagram that illustrates a power spectrum density (PSD) measured in 
decibels relative to the carrier (dBc) versus frequency measured in Mega-Hertz of the digital 
output of the digital processor of Figure 5; 

Figure 7 is a digital processor of a radio transmitter that receives digital data, 
modulates the digital data and produces a digitized IF signal according to one embodiment of 

the present invention; 

Figure 8 is a digital processor of a radio transmitter that reeeives digital data, 
modulates the digital data and produces a digitized IF signal according to one embodiment of 

the present invention; and 

Figure 9 is a flowchart illustrating one method of the present invention. 
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DETAILED DESCRIPTION OF THE DKAWINGS 

Figure 3 is a functional block diagram illustrating a communication system 10 that 
includes a plurality of base stations or access points (APs) 12-16, a plurality of wireless 
commumcation devices 18-32 and a network hardware component 34. The wireless 
commumcation devices 18-32 may be laptop host computers 18 and 26, personal digital 
assistant hosts 20 atKi 30, personal computer hosts 24 and 32 and/or cellular telephone hosts 
22 and 28. The details of the wireless communication devices will be described in greater 

detail with reference to Figure 4. 

TT,e base smtions or APs 12-16 are operably coupled to the network hardware 
component 34 via local area network (LAN) co^tections 36. 38 and 40. Tire network 
hardware component 34, which may be a router, switch, bridge, modem, system controller, 
etc., provides a wide area network connecHon 42 for the commumcation system 10. Each of 
base stations or access points 12-16 has an associated antenna or antem« an:ay to 
conrniunicate with the wireless communication devices in its area. Typically, the witless 
communication devices 18-32 register with the particular base station or access points 12-16 
,0 recrive services ftom the communication system 10. For direct comtections (i.e., point-to- 
point communications), wireless communication devices communicate directly via an 
allocated channel. 

Typically, base stations are used for cellular telephone systems and like-type systems. 
0 whileaccesspointsareusedtorin-homeorin-buildingwnelessnetworks. Regardless of the 
particular type of commumcation system, each wireless communication device includes a 
built-in radio and/or is coupled to a radio. 
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Figure 4 is a schematic block diagram illustrating a wireless communication device 
,8-32 as a host device and at, associated radio 60. For ceUular telephone hosts, the radio 60 
is a built-in component For personal digital assistants hosts, laptop hosts, and/or personal 
computer hosts, the r»Jio 60 may be built-in or an externally coupled component. 

AS illusttated, fte host wireless commumcation device 18-32 includes a processing 
module 50, a memory 52. a radio int^ace 54, an input interface 58 and an output interface 
56. The processing module 50 and memoty 52 execme the corresponding instructions that 
are typically done by the host device. For example, for a cellular telephone host devtce. the 
processing module 50 perfonns the corresponding communication Actions in accordance 
with a particular cellular telephone standard. 

Tie radio interface 54 allows data to be received from and sen. to the radio 60. For 
data received from the radio 60 (e.^. inbound data), me radio interface 54 provides flte data 
,„ the processing module 50 for turther processing and/or routing «> ^ output interface 56. 
The output mterface 56 p«,vides connectivity to an output device such as a display, monitor, 
,5 speakers, etc., such that the received data may be displayed. Tlte radio mterface 54 also 
provides dau ten the processing module 50 to the radio 60. TTte processing module 50 may 
re^ve the outbound data from an input device such as a keyboard, keypad, microphone, 
etc., via the input interface 58 or generate the data itself For data received via the input 
interface 58, the processing module 50 may perform a corresponding host «m«ion on Ute 
20 data and/or route it to the radio 60 via the radio interface 54. 

Radio 60 includes a host interfece 62. a digital receiver pn.cessing module 64, an 
analog-to-digital converter 66, a fllterin^gain module 68, a down-conversion module 70, a 
low noise amplifier 72, a receiver filter module 71, a transmitter/receiver M switch 
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module 73. a .oca. osci..a.io„ module 74, a manor, 75, a digital «n.n.i«er processing 
module 76, a digita...o.a„a.og conver«r 78, a fi..ering,gai. module 80, an IF mixing up- 
eonversion module 82. a power amplifier 84, a ™«,iner fil«r module 85, ^ antenna 
86 The antenna 86 is shared by .he transmit and receive paths as regdated by the Tx/Rx 
5 switch moduie 73, The antenna imp.ementation will depend on the parficular standard to 
which the wireless communication device is compliant. 

The digital receiver processing module 64 and the digital transmitter processing 
module 76. in combination with operaUona. instrucaons stored in memory 75. execute distal 
^«ver functions and digital transmitter tocUons, respectively. The digital reccver 
,„ actions include, but are no. .imited to, demodulation, constellation demapping. decodmg. 
and/or descrambling T1.e digital ttansmitter ftncttons include, but are not limited to, 
.orambling. encoding, constellation mapping modulation. The digital receiver and 
^nsmitter processing modules 64 and 76. respectively, may be implemented using a shared 
processing device, individual processing devices, or a plurality of processing devices. Such a 
passing device may be a microproc^sor. micro-con^-Uer, distal si^ processor, 
microcomputer, centra, processing unit, Md programmab.e gate array, programmable log-c 
device, state machine, logic circuitty, analog circuitry, digital circuitry, and/or any dev.ee 
tot manipulates signals (analog a«.or distal) based on operational instructions. The 
memory 75 may be a single memory device or a plurality of memory devices. Such a 
.„ memory device may be a readonly memory, random access memory. vo.ati.e memory, non- 
volatile memory, static memory, dynamic memory, flash memory, and/or any device that 
^ digital information. Note that when the digital receiver processing module 64 and/or 
to digital tiansmittcr processing module 76 implements one or more of its fimctions vra a 
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s«.,e machine, analog circuity, di^Ul cirouitty, and/or logic oirc»»y, Ae mcmoo. storing 
U,e corresponding operational insttu«ions is «nbedded wifl, circuity comprising fl.c 
state machine, analog ci^uitty, distal circuitry, and/or logic circuitry. TTe memory 75 
stores, and the di^.^ reviver processingmodule 64 and/or the digital transmitter processing 
module 76 executes, operational instruCons cotresponding to a, least some of the funcdons 
illustrated herein. 

to operation, the radio 60 receives outbound data 94 from fl>e host tireless 
communication device 18-32 via the bos. interfile 62. The host intrface 62 routes tire 
outbound data 94 to the distal transmitter processing module 76, »hich processes the 
outbound data 94 in accordance with a particdar wireless communication standard (e.g., 
ffiEE 802.11a, IEEE 802.11b, Blue«>oth, etc.) to produce digi^.! transmission formatted 
data 96. The digital transmission formatted data 96 will be a digital baseband si^al or a 
digital low IF si^l, where fte low IF typically will be in fte frcnency range of 100 KH. to 
a few Mega-Hertz. 

The digital-to-analog converter 78 converts the digital transmission fonnatted data 96 
ftom the digits domain to the analog domain. The filterin^gain module 80 filters and/or 
adjusts the gain of the analog bas*and signal prior to providing it to up-conversion 
module 82. Tlte u^conversion module 82 directly converts the analog baseband si^al, or 
low si^l, into an RF sip^l based on a transminer locd oscillation 83 provided by local 
,0 oscillation module 74. Local oscillation module 74 is, in one «»bodiment of tite invention, a 
multi-stage mixer as describe herein. The power amplifier 84 amplifies the RF signal to 
p^duce an outbound RF signal 98, which is filte^d by the tiansmitter filter module 85. Tire 
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antenna 86 transmits the outbound RF signal 98 to a targeted device such as abase station, an 

access point and/or another wireless communication device. 

The radio 60 also receives an inbound RF signal 88 via the antemia 86, which was 

transmitted by a base station, an access point, or another wireless communication device. 

m antemia 86 provides the inbound RF signal 88 to the receiver filter module 71 via the 

Tx/Rx switch module 73, where the Rx filter module 71 bandpass filters the inbound RF 
signal 88. Tlie Rx filter module 7 1 provides the filtered RF signal to low noise amplifier 72, 
which amplifies the inbound RF signal 88 to produce an amplified inbound RF signal. IHe 
low noise amplifier 72 provides the amplified inbound RF signal to the down-conversion 
module 70, which directly converts the amplified inbound RF signal into an inbound low IF 
signal or baseband signal based on a receiver local oscillation signal 81 provided by local 
oscillation module 74. Local oscillation module 74 is, in one embodiment of the invention, a 
multi-stage mixer as described herein. The down-conversion module 70 provides the 
inbound low IF signal or baseband signal to the filtering/gain module 68. Tlie filtering/gain 
module 68 may be implemented in accordance with the teachings of the present invention to 
filter and/or attenuate the inbound low IF signal or the inbound baseband signal to produce a 

filtered inbound signal. 

The analog-to-digital converter 66 converts the filtered inbound signal fi-om the 
analog domain to the digital domain to produce digital reception formatted data 90. The 
) digital receiver processing module 64 decodes, descrambles, demaps, and/or demodulates the 
digital reception formatted data 90 to recapture inbound data 92 in accordance with the 
particular wireless communication standard being implemented by radio 60. The host 
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interface 62 provides U,e recaptured inbound data 92 to the host wireless communication 
device 18-32 via the radio interface 54. 

As one of average skill in the art will appreciate, the wireless communication device 
ofFigure4maybeimplementedusingoneormore integrated circuits. For example, the host 
device may be implemented on a first integrated circuit, while the digital receiver processing 
module 64, the digital transmitter processing module 76 and memory 75 are implemented on 
a second integrated circuit, and the remaining components of the radio 60, less the antem. 
86, may be implemented on a third integrated circuit. As an alternate example, the radio 60 
may be implemented on a single integrated circuit. As yet another example, the processing 
module 50 of host device 18-32 and the digital receiver processing module 64 and the digital 
transmitter processing module 76 of radio 60 may be a common processing device 
implemented on a single integrated circuit. Further, memory 52 and memory 75 may be 
implemented on a single integrated circuit and/or on the same integrated circuit as the 
common processing modules of processing module 50, the digital receiver processing 
module 64, and the digital transmitter processing module 76. Figure 4 generally shows the 
elements of a radio transmitter, hi accordance with the present invention, the circuitry shown 
may be structured as described in greater detail in Figure 5. 

Figure 5 is a functional block diagram of a radio transmitter formed according to one 
embodiment of the present invention. A radio transmitter 100 includes a digital processor 
) 102 that produces digitized intermediate frequency signals that define a phase and a 
frequency of a phase modulated signal. A digital-to-analog converter module 1 06 is coupled 
to receive the digitized IF signal and produces a continuous waveform IF signal to a filter 
108. Filter 108 produces a filtered IF signal as a reference signal to a phase firequency 
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detector (PFD) 1 10. The filtered IF signal, which may be represented as cos«o„ t * is a 
oontinuons wavefom, signal having a « of 26 MHz. h. the described embodiment, 
.he frequency "f oscillation is 26 MHz. thou^ .he output frequency is a function of the 
digitized IF si^l produced by digital processor 102. Not only is the frequency of the 
filtered IF signal produced by filter 108 determined by digital processor 102. but also the 
phase as defined by in-phase and quadrature component values. Accordingly, when radio 
,00 is a OSM transminer, distal processor 102 further defines a ph^e of the 
filte^d IF signal M as a part of phase modulating dte signal that is ultimately radiated as a 
ndio frequency transmit si^al. The PFD 1 10 produces control signals to a charge pump 
(CP) 112 that, responsive U, me control signals, produ^s a corresponding error current 
signal. A loop filter 114 is coupled to receive the error current signal and to produce a 
corresponding error voltage signal to a voltage confroUed oscillator (VCO) 116. Ue VCO 
„6 produces an oscillation, which here also is the RF transmit signal, h, the described 
^nbcdiment. the RF transmit si^al pt^duced by VCO 1 16 is produced to a power amplifier 
15 118 for amplification and radiation from an antenna. 

to d.e sp^ific embodiment of Figure 5, radio fransminer 100 is a OSM-based radio 
Bansmitter. Ac^rdingly, the output o^Uation or carrier frequency of the RF transmit signal 
produced by VCO 116 is equal to one of 1800 or 1900 MHz. Power amplifier 118 then 
receives the .800 or 1900 MHz OSM phase modulated si^ for ampUfication. Within the 
,„ GSM domain, however, other frequencies of interest a« 850 and 900 MHz. Accordingly, as 
be seen, a divide-by-2 module 120 is coupled to r^eive the RF transmit signal pr«iuced 
,y VCO 116 produces one of a 900 MHz si».al or an 850 MHz siptal according «> 
whether the RF transmit signal was a 1900 MHz signal or an 1800 MHz signal. The output 
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of divide.by.2 module 120 is ften received by power amplifier 122 that an,>lifies (he sipal 

for propagation from an antenna. 

For the purposes of ti.e present exaruple. assume that VCO 1 16 produces an output 
fte.peney oscillation of 1800 MHz as the RF transmit signal. Accordin^y, divide-by-2 
5 module 120 produces a 900 MHz signal to power amplifier 122. He 900 MHz signal is 
ftrther produced to a mixer 124 that is ftrter coupled to receive a 926 MHz si^ ftom a 
FRAC-N phase locked loop (PLL) frequency synthesizer 126. As is known by one of 
average skill in the art, mixer 124 multiplies or mixes the two input signals, here 900 MHz 
and 926 MHz, to produce a 26 MHz output signal. The 26 MHz output signal is produced to 
,0 a feedback filter 128 that filter the 26 MHz signal p^duce a 26 MHz feedback signal tot 
may be repre^nted as cos(co„ . + The feedback signal is produced fc, PFD 1 10 that 

compares the phase of the feedback signal to the filtered IF signal (the reference signal) to 
cause the output phase of the RF transmit signal pr«h,oed by VCO 1 16 to track the phase of 
the filtered IF signal that was produced flx>m the digitized IF signal generated by digital 
15 processor 102. 

to analyzing the feedback signal produced by feedback filter 128, one may note (hat 
the frequency is 26 MHz. Additionally, the phase modulation index, represented by eocs/2, 
generally illustrates that d,e phase modulation index has been divided by 2. This phase 
modulation index is divid«i by 2 by the divide.by-2 module 120. Divide.by-2 module 120 
20 not only divides the frequency by 2, but also the phase modulation index. Accordin^y, as 
will be described in greater detail below, digital processor 102 selectively adjusts ti» phase 
modulation index according to whether the RF transmit signal is output before or after the 
divide-by-2 module 120. More spedficaUy, if the RF transmit signal is amplified and 
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propagated by power amplifier 118, then digital processor 102 adjusts the phase modulation 
index by one-half. If power amplifier 1 18 is turned off and the RF transmit signal is divided 
by 2, and the phase modulation index is divided by 2, by divide-by-2 module 120, prior to 
amplification and transmission from power amplifier 122. digital processor 102 does not 

adjust the phase modulation index. 

Above it was mentioned that FRAC-N PLL frequency syntiiesizer 126 produces a 926 
MHz signal to mixer 124. Th. output of mixer 124, tiierefore, is a 26 MHz signal. It is 
understood, of course, that the output frequency provided by FRAC-N PLL frequency 
synthesizer 126 will be a fimction of the output frequency provided by tiie divide-by-2 
module 120. As is known by one of average skill in the art, a mixer, such as mixer 124, will 
output a frequency reflecting a difference of die two input frequencies. Accordingly, the 
frequency of FRAC-N PLL frequency synthesizer 126 is selected so that, when mixed witii 
die output of divide-by-2 module 1 20, a desired frequency feedback signal (here, 26 MHz) is 

produced to feedback filter 128. 

Figure 6 is a diagram that iUusfrates a power specfrum density (PSD) measured in 
decibels per centimeter (dBc) in relation to frequency measured in Mega-Hertz. As may be 
seen, two spikes occur at frequencies of 26 MHz and 78 MHz. The sample rate for tiie GSM 
radio fransmitter of Figure 5 is 104 MHz, while the frequency of tiie signals is 26 MHz. 
Accordingly, die diagram of Figure 3 shows a t>pical output power spectrum of tiie digital 
signal generated by tiie inventive radio fransmitter of Figure 5. The 78 MHz spike is equal to 

104 MHz less 26 MHz. 

Figure 7 is a digital processor of a radio transmitter tiiat receives digital data, 
modulates tiie digital data and produces a digitized IF signal according to one embodiment of 
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the present invention. A baseband data modulator 130 is coupled to receive digital data to 
modulate the digital data and to produce a digitized baseband signal. An upsampler 
(interpolator) 132 is coupled to receive the digitized baseband signal. Upsampler 132 
produces an upsampled baseband signal based on the digitized baseband signal. In the 
described embodiment of the invention, upsampler 132 increases the sample rate of the 
digitized baseband signal by a factor of 12. hi the described embodiment of the invention, a 
sample rate of the digitized baseband signal is approximately equal to 270.833 KHz. 

A Gaussian filter 134 is coupled to receive the upsampled baseband signal and to 
produce a Gaussian filtered baseband signal. A phase modulation index adjust block 136 is 
coupled to receive the Gaussian filtered baseband signal. Phase modulation index adjust 
block 136 selectively adjusts a phase modulation index of the Gaussian filtered baseband 
signal by one-half according to whether an output digitized IF signal of the digital processor 
is eventually converted to a continuous waveform and then divided by 2. 

The phase modulation index adjust block 136 comprises switching logic to selectively 
switch into coupling a phase modulation index divider to adjust the phase modulation index 
of the Gaussian filtered baseband signal. The phase modulation index adjust block 136 
output is then produced to an integrator 138 which comprises a delay element 140 whose 
output is produced to a feedback loop to integrate the output of the phase modulation index 
adjust block 136. An integrated baseband signal produced by integrator 138 is then produced 
to a coordinate rotation digital computer (CORDIC) 142. CORDIC 142 produces I & Q 
vector digital data. The I vector digital data is produced to an upsampler 144 that upsamples 
the I vector digital data. In the described embodiment of the invention, the I vector digital 
data is upsampled 32 times. Upsampler 144 produces upsampled I vector (in-phase) data to a 
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low-pass filter 146 that produces filtered I vector data. The filtered I vector data is produced 
to a mixer 148 that is further coupled to receive modulation data (a repeating sequence of 1, 
0, -1, 0) for multiplying with successive bits of the filtered I vector (in-phase) data. 

Similarly, CORDIC 142 produces Q vector (quadrature phase) digital data to an 
5 upsampler 150. Upsampler 150 upsamples the Q vector digital data by the same amount as 
upsampler 144. In the described embodiment, the data is upsampled by a factor of 32. 
Upsampler 150 produces upsampled Q vector data to a low-pass filter 152 that, in turn, 
produces filtered Q vector data to a mixer 154. Mixer 154 also is coupled to receive 
modulation data, namely (a repeating sequence of 0, -1, 0, 1) which it multiplies with 
10 successive bits of the filtered Q vector (quadrature) data. The outputs of mixers 148 and 154 
are then produced to a summing block (adder) 156 that produces the digitized IF signal. The 
digitized IF signal, therefore, is a complex signal that readily converts to a complex IF analog 
signal. 

It should be noted that the digitized IF signal has been upsampled, in the described 
15 embodiment, 12 times and then 32 times. Because the baseband data modulator produces 
data having a sample rate of 270.833 KHz, the digitized IF signal has a sample rate of 104 
MHz. hi one embodiment of the present invention, upsamplers 132, 144 and 150 upsample 
at higher rates to produce a digitized IF signal sampled at 338 MHz. Different upsampling 
amounts may be used, however, according to what fi-equencies camiot tolerate associated 
20 harmonies. 

Figure 8 is a digital processor of a radio transmitter that receives digital data, 
modulates the digital data and produces a digitized IF signal according to one embodiment of 
the present invention. As may be seen, the digital processor of Figure 8 is similar to the 
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digital processor of Figure 7. One difference, however, is that only one of the I & Q vector 
digital data streams produced by CORDIC 1 42 is used to produce the digitized IF signal from 
an output mixer. In the diagram for the digital processor of Figure 7, CORDIC 142 produced 
I & Q vector digital data streams to upsamplers 144 and 150. Here, however, a switch 158 is 
used to select between the I & Q vector digital data streams that are produced to an output 
mixer 160. Output mixer 160 then mixes, in the example shown, filtered I vector data 
produced by low-pass filter 146 with modulation data (a repeating sequence of 1, -1, -1, 1). 
nie output of mixer 160 is the digitized IF signal (a complex signal) produced by the digital 
processor. As with the digital processor of Figure 7, a sample rate of the digitized IF signal 
is 104 MHz. Alternatively, the upsamplers may be used to further increase the sample rate 
to, for example, 338 MHz, for appUcation in a GSM radio transmitter. 

Figure 9 is a flowchart illustrating one method of the present invention. A radio 
transmitter includes a digital processor that modulates digital data to produce a digitized 
baseband signal (step 450). The digitized baseband signal is then upsampled to increase the 
sample rate of the digitized baseband signal by a first factor and then is filtered (step 452). 
As has been described herein, tiie method fiarther includes optionally adjusting a phase 
modulation index of the filtered baseband signal (step 454). Thereafter, the invention 
includes forming I & Q vector digital data streams (step 456). Each of tiie I & Q vector 
digital data streams are then upsampled to increase the sample rate by a second factor and 
then is filtered (step 458). Thereafter, at least one of tiie I & Q digital data streams is 
multiplied witii modulation data to create complex digital data (step 460). Thereafter, the 
invention includes producing digital data having a sample rate that is a specified multiple of a 
desired frequency of operation (step 462). The digital data is then converted to a continuous 
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wavefonn (analog) (step 464) and is fiU«ed to produce a continuo,^ Wonn intennediate 

frequency (IF) signal (step 466). 

While the invention is susceptible to various tnodifications and alternative forms, 
specific embodiments the«of have been shown by v,ay of example in the drawings and 
detailed description. It should be understood, however, that the drawings and detailed 
description thereto ate not tatended to limit the invention to the particular form disclosed, 
but, on the contrary, the invention is to cover all modifications, equivalents and alternatives 
falling within the spirit and scope of the present invention as defined by the claims. As may 
be s^, the described embodiments may be modified in many different ways without 
departing fiom the scope or teachings of the mvention. 
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